Nck is a small adaptor protein consisting exclusively of three SH3 domains and one SH2 domain. Nck is thought to have an important role in cell signalling by coupling receptor tyrosine kinases, via its SH2 domain, to downstream SH3-binding effectors. We report here that angiotensin II, working through the AT " receptor subtype, stimulates the phosphorylation of Nck in rat aortic smooth muscle cells. Phosphopeptide mapping analysis revealed that Nck is phosphorylated on four peptides containing exclusively phosphoserine in quiescent cells. Treatment with angiotensin II resulted in increased phosphorylation of these four peptides, without the appearance of new phosphopeptides. We show that Nck, via its SH3 domains, specifically binds three major phosphoproteins of 95, 82 and 66 kDa both in itro and in intact cells. Notably, the phosphorylation of these Nck-binding
INTRODUCTION
The transduction of extracellular signals from the plasma membrane to intracellular targets is co-ordinated through specific protein-protein interactions. These interactions are mediated by conserved protein modules that serve to recruit effector enzymes into signalling networks or to localize enzymes close to their substrates (reviewed in [1, 2] ). Several modular binding domains have been identified in signalling molecules of diverse functions such as protein kinases, lipid kinases, phospholipases or transcription factors. These modules are also found in a special class of signalling proteins, termed adaptors, that are devoid of catalytic activity and act by providing additional docking sites for signalling molecules [1, 2] . Like Grb2, Shc and Crk, Nck [3] belongs to this family of SH2\SH3-domain-containing adaptors.
Nck is a 47 kDa protein consisting of three SH3 domains and one SH2 domain, which is ubiquitously expressed in tissues and cell lines [3, 4] . Consistently with its role as an adaptor, Nck has been shown to interact via its SH2 domain with activated receptor tyrosine kinases (e.g. receptors for epidermal growth factor [4] , platelet-derived growth factor [4] and vascular endothelial growth factor [5] ) or with the docking proteins insulin receptor substrate 1 [6] and p62 dok [7] . In recent years, several signalling molecules have been reported to interact with the SH3 domains of Nck. These include Cbl [8] , SOS [9] , the WiskottAldrich syndrome protein WASP [10] , the RNA-binding protein SAM68 [11] and several serine\threonine kinases such as the Cdc42\Rac-activated Paks [12] [13] [14] , Nck-associated kinase [15] , protein kinase C-related kinase 2 [16] , Nck-interacting kinase Abbreviations used : Ang II, angiotensin II ; CKI, casein kinase I ; CKI-7, N-(2-aminoethyl)-5-chloroisoquinoline-8-sulphonamide ; GST, glutathione Stransferase ; Pak, p21-activated kinase ; PLC, phospholipase C ; SMC, smooth muscle cells. 1 To whom correspondence should be addressed (e-mail meloches!ere.umontreal.ca).
proteins was found to increase in parallel with that of Nck on stimulation by angiotensin II. One candidate for the 66 kDa phosphoprotein is the serine\threonine kinase p21-activated kinase 1 (Pak1), which was found to form a stable complex with Nck in aortic smooth muscle cells. We have also identified the γ2 isoform of casein kinase I as another protein kinase that associates with Nck in these cells. These findings indicate that Nck is a target of G-protein-coupled receptors and suggest a role for Pak1 and casein kinase I-γ2 in downstream signalling or regulation of the AT " receptor.
Key words : angiotensin receptor, protein kinase, signal transduction, smooth muscle.
[17] and casein kinase I-γ2 [18] . Thus Nck is believed to participate in signal transduction downstream of activated membrane receptors by mediating the assembly of multiprotein signalling complexes. However, relatively little is known about the regulation and specific biological functions of Nck. The adaptor protein becomes phosphorylated on serine\threonine and, in some instances, on tyrosine residues in response to the activation of receptor tyrosine kinases, T-cell and immunoglobulin receptors, phorbol esters and cAMP [4, 19, 20] . The overexpression of Nck leads to transformation of rodent fibroblasts and tumour formation in nude mice [4, 21] and inhibits nerve-growth-factorinduced neurite outgrowth in PC-12 cells [22] . Genetic studies in Drosophila revealed that the Nck homologue Dock has a crucial role in photoreceptor cell axon guidance and targeting [23] . In Xenopus lae is, the expression of mutated Nck was shown to affect the migration of the mesoderm cells and to respecify mesodermal cell fate [24] . These findings, together with the observation that Nck binds to downstream effectors of Rhofamily GTPases, point to a role of Nck in coupling membrane receptors to reorganization of the cytoskeleton. Angiotensin II (Ang II), the primary effector of the reninangiotensin system, is an important regulator of vascular function. In addition to its potent vasoconstrictor action, Ang II causes hypertrophy of vascular smooth muscle cells (SMC) [25] [26] [27] and induces vascular cell migration [28] . These actions of the hormone are mediated by the AT " receptor subtype, a member of the G-protein-coupled receptor superfamily. Binding of Ang II to the AT " receptor stimulates the activity of phospholipase C (PLC) to produce the second messengers Ins(1,4,5)P $ and diacylglycerol, and inhibits the activity of adenylate cyclase [29] . Receptor occupancy also leads to increased tyrosine phosphorylation of multiple cellular proteins [30] . These early signals subsequently lead to the activation of multiple serine\threonine kinases, which include protein kinase C [31] , p70 S6 kinase [27] and the mitogen-activated protein kinases ERK1 and ERK2 [32, 33] .
Here we report that activation of the G-protein-coupled AT " receptor by Ang II stimulates the phosphorylation of Nck on multiple serine residues in rat aortic SMC. Moreover, we show that Nck, via its SH3 domains, is bound to multiple cellular phosphoproteins whose phosphorylation also increases in response to Ang II. We have identified two of the Nck-associated proteins as the serine\threonine kinases Pak1 and casein kinase I (CKI)-γ2.
EXPERIMENTAL

Materials and antibodies
The source of materials has been described previously [27] . N-(2-aminoethyl)-5-chloroisoquinoline-8-sulphonamide (CKI-7) was obtained from Seikagaku Corp. GTP was from Sigma. Recombinant glutathione S-transferase (GST) fusion proteins of various domains of human Nck (GST-SH2, residues 282-377 ; GST-SH3, residues 1-251 ; GST-Nck, full-length cDNA) and of the SH3 domain of PLC-γ (GST-PLC-γ SH3, residues 798-850) were expressed in Escherichia coli and immobilized on glutathione-agarose beads in accordance with the manufacturer's instructions (Pharmacia). Rabbit polyclonal antibodies against Nck and CKI-γ2 have been described [18] . The anti-Pak1 antibody (sc-882) was obtained from Santa Cruz Biotechnology.
Cell culture
Rat aortic SMC were cultured and synchronized in the quiescent state as previously described [27] .
Labelling with 32 P and immunoprecipitation of Nck
Quiescent rat aortic SMC in 10 cm diameter Petri dishes were metabolically labelled for 5 h at 37 mC in bicarbonate-and phosphate-free Hepes-buffered Dulbecco's modified Eagle's medium containing 0.2-0.5 mCi\ml [$#P]phosphoric acid. The cells were stimulated by the addition of 100 nM Ang II to the medium for the indicated durations and quickly washed twice with ice-cold PBS. Cell lysates were prepared in Triton X-100 lysis buffer [50 mM Tris\HCl (pH 7.4)\100 mM NaCl\50 mM NaF\5 mM EDTA\40 mM β-glycerophosphate\1 mM sodium orthovanadate\100 µM PMSF\1 µM leupeptin\1 µM pepstatin A\1 % (v\v) Triton X-100] and clarified by centrifugation at 13 000 g for 5 min at 4 mC [27] . The labelled band corresponding to Nck was excised from the membrane and subjected to phosphoamino acid analysis or to phosphopeptide mapping as described previously [34] .
Immunoblot analysis
Quiescent aortic SMC were stimulated with Ang II for the indicated durations at 37 mC. Cell lysates were prepared and equal amounts of proteins were subjected to immunoprecipitation with Nck-specific antibody as described above. The eluted proteins were resolved by SDS\PAGE and transferred to Hybond-C nitrocellulose membrane (Amersham) in 25 mM Tris\192 mM glycine. For immunoblotting of Nck and Pak1, the membrane was blocked for 1 h at 37 mC in TBS\0.1 % (v\v) Tween 20\5 % (w\v) non-fat dried milk, then incubated for 1 h at 25 mC with Nck-or Pak1-specific antibody (diluted 1 : 500) in blocking buffer. The membrane was then washed six times with TBS\0.1 % (v\v) Tween 20 before incubation for 1 h at 25 mC with horseradish peroxidase-conjugated goat anti-rabbit IgG diluted 1 : 10 000 in blocking buffer. Immunoreactive bands were detected by enhanced chemiluminescence (Amersham). For immunoblotting of CKI-γ2, the membrane was incubated for 90 min at 25 mC with CKI-γ2-specific antibody diluted 1 : 250 in blocking buffer.
Casein kinase assay in vitro
Quiescent aortic SMC were stimulated with Ang II for the indicated durations and Nck was immunoprecipitated as described above. The immune complexes were washed three times with Triton X-100 lysis buffer, once with kinase assay buffer [20 mM Hepes (pH 7.5)\1 mM dithiothreitol\5 mM MgCl # \ 10 mM β-glycerophosphate], then resuspended in 30 µl of kinase assay buffer containing 10 µg of α-casein as substrate. The CKI selective inhibitor CKI-7 (100 µM) [35] or GTP (100 µM) were added or not to the assay. The reaction was initiated by the addition of ATP (20 µM, 10 µCi [γ-$#P]ATP), incubated for 20 min at 30 mC, and stopped by the addition of 6iLaemmli sample buffer. The samples were boiled and analysed by SDS\PAGE and autoradiography.
RESULTS
Ang II rapidly increases phosphorylation of Nck in aortic SMC
To explore the role of the adaptor protein Nck in G-proteincoupled receptor signalling, we first examined the ability of Ang II to regulate the phosphorylation of Nck in rat aortic SMC. The cells were metabolically labelled with [$#P]P i and treated with Ang II for different durations ; then Nck was immunoprecipitated from cell lysates by using a specific antibody. Figure 1 shows that Nck is constitutively phosphorylated in quiescent cells and that Ang II increases the phosphorylation of the protein. Interestingly, detailed kinetic analysis revealed that Ang II-dependent phosphorylation of Nck was biphasic. There was a rapid increase in Nck phosphorylation, which reached a maximum at 1 min and rapidly returned to the control level by 10 min. This was followed by a second induction of phosphorylation at 30 min, which persisted for up to at least 120 min. The same amount of Nck protein was immunoprecipitated in all the samples. The maximal AT 1 receptor-mediated phosphorylation of Nck level of Nck phosphorylation observed after treatment with Ang II was 2-2.5-fold over basal. Incubation of the cells with the AT " -selective antagonist losartan completely suppressed the Ang IIinduced phosphorylation of Nck ( Figure 1B) , demonstrating that the effect of Ang II is mediated by the AT " subtype of receptor. These results suggest that Nck might have a role in signalling pathways downstream of the G-protein-coupled AT " receptor.
Ang II stimulates the phosphorylation of Nck on multiple serine residues
The phosphorylation sites in Nck were further investigated by phosphoamino acid analysis and tryptic phosphopeptide mapping. Analysis of the total protein revealed that Nck was phosphorylated exclusively on serine residues in both quiescent and Ang II-treated cells ( Figure 2B ). These data are consistent with the results of anti-phosphotyrosine immunoblotting studies, which failed to detect phosphotyrosine immunoreactivity in the Nck protein (results not shown). The phosphopeptide map of Nck isolated from growth-arrested cells consisted of four major spots ( Figure 2C ). This pattern of phosphopeptides observed in the resting condition is similar to that observed in A431 cells [4, 20] and NIH 3T3 cells [19] . The increased phosphorylation of Nck induced by Ang II was associated with an augmentation of the phosphate content in each of these peptides, without the appearance of new phosphopeptides ( Figure 2D ). Analysis of each individual spot (numbered 1-4) showed the exclusive presence of phosphoserine (results not shown).
SH3 domains of Nck interact with multiple cellular phosphoproteins : identification of Pak1
Nck has been reported to interact with multiple signalling proteins via its SH2 and SH3 domains. Results in Figure 1 (A) clearly indicate that Nck immunoprecipitates with several phosphorylated proteins in aortic SMC. The three most prominent phosphoproteins migrated with apparent molecular masses of 92-98 (pp95), 80-84 (pp82) and 64-68 (pp66) kDa. Notably, the phosphorylation of Nck-associated proteins, in response to stimulation with Ang II, followed a similar kinetics to Nck phosphorylation. This might result either from an increase in their association with Nck or from a modification of their phosphorylation state after treatment with Ang II. To determine which domain of Nck was responsible for association to these phosphoproteins, we performed binding experiments in itro with GST fusion proteins containing distinct domains of Nck. Lysates from $#P-labelled aortic SMC stimulated with Ang II were incubated with the fusion proteins immobilized to glutathione-agarose beads ; the bound protein complexes were analysed by SDS\PAGE and autoradiography (Figure 3) . No binding of labelled proteins to Nck SH2 domain or to control GST was detected in this assay. In contrast, full-length Nck or the three SH3 domains of Nck bound to the same three phosphoproteins detected in co-immunoprecipitation experiments and to additional phosphoproteins of 110-115 and 170 kDa. Intriguingly, we always observed greater binding to GST-Nck SH3 and it is possible that the SH2 domain negatively regulates binding, through steric hindrance or another mechanism. Thus these results indicate that the three major phosphoproteins interact specifically with the SH3 domains of Nck both in itro and in intact cells.
It has been reported recently [36] that Ang II stimulates the phosphorylation of proteins with molecular masses of 97, 84, 60 and 47 kDa that are co-precipitated by antibodies against PLC- γ1. The 47 kDa protein was identified as Nck by immunoblotting analysis. Earlier studies on PLC-γ1 regulation also showed that PLC-γ1 immunoprecipitates from various cells labelled with [$#P]P i contain phosphoproteins of approx. 100, 84 and 47 kDa [19, 20, 37] . Subsequent investigation [19, 20] demonstrated that certain monoclonal antibodies raised against PLC-γ1 cross-react with Nck, most probably because the two proteins share a high amino acid identity in their respective SH3 domains. Therefore it was important to verify whether the three phosphoproteins present in Nck immunoprecipitates are bound to Nck rather than to PLC-γ1. We first confirmed that our Nck antibody did not cross-react with PLC-γ1 and further showed that PLC-γ1 is not detected in Nck immunoprecipitates (results not shown). Then we determined whether the SH3 domain of PLC-γ1 can interact directly with the same phosphoproteins in itro. Purified GST fusion proteins containing the SH3 domains of Nck or the SH3 domain of PLC-γ1 were immobilized on glutathioneagarose beads and incubated with lysates from $#P-labelled aortic SMC stimulated with Ang II. Bound proteins were analysed by SDS\PAGE and autoradiography ; in contrast with Nck, no binding of PLC-γ1-SH3 to cellular phosphoproteins was detected in these cells (Figure 4) . We conclude from these findings that the pp95, pp82 and pp66 phosphoproteins found in Nck immunoprecipitates are not complexed with PLC-γ1.
One possible candidate for the 66 kDa phosphoprotein is the Ste20-related serine\threonine kinase Pak1, which was recently shown to bind Nck in some cell types [13, 14] . The interaction between Nck and Pak1 is mediated by the second SH3 domain of Nck and the N-terminus of Pak1 [13, 14] . To determine whether Nck is complexed with Pak1 in vascular SMC, cellular lysates were subjected to immunoprecipitation with anti-Nck antibody and analysed by immunoblotting with Pak1-specific antibody. Pak1 co-precipitated with Nck in both quiescent and Ang II-stimulated cells, indicating that the two proteins are constitutively associated in aortic SMC ( Figure 5) . Notably, the amount of Pak1 complexed with Nck doubled on stimulation with Ang II. In agreement with the idea that Pak1 might AT 1 receptor-mediated phosphorylation of Nck 
Figure 5 Association of Nck with Pak1 in aortic SMC
Quiescent aortic SMC were stimulated or not with Ang II for the indicated durations. Cell lysates were prepared and subjected to immunoprecipitation with Nck-specific antibody preadsorbed on Protein A-Sepharose beads. The immunoprecipitates were analysed by immunoblotting with Pak1-specific antibody (αPAK). An aliquot of total cell lysate was run alongside the precipitates as control. The position of Pak1, which migrated as a doublet, is indicated by an arrow.
correspond to pp66, we found that Ang II also increased the phosphorylation of Pak1 in aortic SMC (results not shown).
Nck associates with CKI-γ2 in aortic SMC
The isoform γ2 of CKI was recently shown to be constitutively associated with Nck in transformed rat hepatocytes overexpressing the insulin receptor [18] . To determine whether CKI-γ2 is associated with Nck in aortic SMC, cellular lysates were subjected to immunoprecipitation with Nck antibody and immunoblotted with CKI-γ2-specific antibody. As shown in Figure  6 (A), CKI-γ2 was detected in Nck immunoprecipitates from
Figure 6 Nck associates with CKI-γ2 in aortic SMC
(A) Quiescent aortic SMC were stimulated or not with 100 nM Ang II for the indicated durations. Cell lysates were prepared and subjected to immunoprecipitation with Nck-specific antiserum (αNck) preadsorbed on Protein A-Sepharose beads. The immunoprecipitated proteins and an aliquot of total cell lysate were analysed by immunoblotting with a CKI-γ2-specific antibody. The position of CKI-γ2 (70-75 kDa) is indicated by an arrow. (B) Immune complex kinase assay of Nck-associated CKI activity. Quiescent aortic SMC were stimulated or not with Ang II for the indicated durations and cell lysates were subjected to immunoprecipitation with Nck antiserum. Immune complexes were washed and CKI phosphotransferase activity was assayed directly with α-casein as substrate. (C) Quiescent aortic SMC were stimulated or not with Ang II for 5 min and CKI activity was assayed as in (B). The specificity of the kinase assay was determined by the addition of GTP or the selective inhibitor CKI-7 to the reaction. The reaction products were separated on 12 % polyacrylamide gel and detected by autoradiography. Numbers in parentheses are the relative CKI activity as quantified by densitometric analysis of the α-casein band. Similar results were obtained in three separate experiments.
both quiescent and Ang II-stimulated cells. No significant change in the amount of CKI-γ2 was observed after treatment with Ang II. Immune complexes of normal rabbit serum did not contain the CKI-γ2 protein (results not shown). We next investigated whether Nck-associated CKI-γ2 displays kinase activity in itro. The phosphotransferase activity of CKI-γ2 was measured directly on Nck immunoprecipitates with α-casein as substrate in the presence or absence of CKI-7, a selective inhibitor of CKI [35] , or GTP, which can be used as a phosphate donor by CKII but not CKI. The results of these experiments showed that Nck immunoprecipitates with CKI activity, because CKI-7 completely blocked α-casein phosphorylation, whereas the addition of GTP had little effect ( Figures 6B and 6C) . Interestingly, we found that Nck-associated CKI activity was weakly increased (1.6-fold) on stimulation with Ang II for 5 min. This increase is likely to have been the result of a net activation of CKI-γ2, because the amount of CKI-γ2 protein associated to Nck did not change after treatment with Ang II (Figure 6A ).
DISCUSSION
Nck belongs to the adaptor family of signalling proteins. Small adaptor proteins such as Grb2, Crk and Nck are composed almost exclusively of SH2 and SH3 domains and are believed to have an important role in signal transduction by coupling receptors with intrinsic or associated tyrosine kinase activity, bound by SH2 domains, to downstream SH3-associated effectors. Nck has been shown to be recruited, via its SH2 domain, to activated tyrosine kinase receptors [4, 5] and to intermediate docking proteins [6] . However, several potential downstream targets that interact with the SH3 domains of Nck have been identified in recent years (see the Introduction section). The presence of three SH3 domains in Nck and the relative binding selectivity of SH3 domains suggest that Nck might cluster several distinct signalling molecules. The adaptor role of Nck might also be regulated by phosphorylation, as Nck becomes phosphorylated on serine, threonine and tyrosine residues after the activation of receptor tyrosine kinases, T-cell receptor or membrane IgM receptor, and in v-Src-transformed cells [4, [19] [20] [21] . We report here that Ang II, working through the AT " receptor, stimulates the serine phosphorylation of Nck in aortic SMC. These findings support the idea that Nck might act as a universal adaptor protein linking various families of cell-surface receptors to downstream signalling pathways or receptor regulatory mechanisms.
The signalling events by which growth factors induce the phosphorylation of Nck and the identity of the protein kinases involved are not known. We observed that, in quiescent aortic SMC, Nck is phosphorylated on four major peptides that contain exclusively phosphoserine. Treatment with Ang II resulted in increased phosphorylation of these four peptides but did not generate additional phosphopeptides. It is noteworthy that the same four spots are also labelled in tryptic peptide maps of Nck isolated from NIH 3T3 fibroblasts and A431 epidermoid carcinoma cells [4, 19, 20] ; in contrast with the effect of Ang II, however, treatment of NIH 3T3 cells with platelet-derived growth factor or treatment of A431 cells with epidermal growth factor results in the appearance of new phosphopeptides and of phosphotyrosine [19] . The site of tyrosine phosphorylation was located to a single peptide (spot 7 in [19] ), which is absent from the map of Nck from Ang II-treated cells. One possible candidate for the serine\threonine kinases that phosphorylate Nck on serine residues is Pak1. It has been reported [14] that Pak1 binds to the second SH3 domain of Nck and phosphorylates Nck on multiple sites in itro. In agreement with this idea, we report here that Nck and Pak1 form a complex in intact aortic SMC. Another candidate for the Nck kinase is CKI-γ2 (see below).
One important finding of this study is the observation that Nck, via its SH3 domains, associates with three major phosphoproteins whose kinetics of phosphorylation, in response to Ang II stimulation, parallels that of Nck. The interaction of Nck with these phosphoproteins of 95, 82 and 66 kDa was demonstrated both in intact aortic SMC by co-immunoprecipitation studies and in binding experiments in itro with GST fusion proteins. Several groups have reported that immunoprecipitates made with PLC-γ1 monoclonal antibodies contain three prominent phosphoproteins of approx. 100, 84 and 47 kDa whose phosphorylation increases in response to growth factors [19, 20, 36, 37] . The 47 kDa protein was identified as Nck and it was further shown that Nck and PLC-γ1 share a common epitope that is recognized by certain PLC-γ1 monoclonal antibodies [19, 20] . This raises the important question of whether the approx. 100 and 84 kDa phosphoproteins found in PLC-γ1 precipitates, which are similar to the pp95 and pp82 described in this study, are associated with PLC-γ1 or Nck. The following observations provide compelling evidence that pp95 and pp82 (and also pp66) are specific effectors for Nck. First, PLC-γ1 is not detected in Nck immunoprecipitates from intact cells. Secondly, a GST fusion protein containing the SH3 domains of Nck binds to pp95, pp82 and pp66 in itro. Thirdly, the PLC-γ1 SH3 domain does not detectably interact with these three phosphoproteins.
We have identified the serine\threonine kinase Pak1 as a strong candidate for the 66 kDa phosphoprotein, whereas the identities of pp82 and pp95 remain to be established. Two additional phosphoproteins of 170 and 110-115 kDa bound effectively to GST fusion proteins containing full-length Nck or the three SH3 domains of Nck but were hardly detectable in Nck immunoprecipitates. An attractive candidate for the 170 kDa phosphoprotein is the guanyl nucleotide exchange factor SOS1 [9] , whereas the 110-115 kDa protein might correspond to protein kinase C-related kinase 2, a serine\threonine kinase closely related to the Rho effector protein kinase N [16] . The role of Nck binding and phosphorylation in the regulation of these phosphoproteins is intriguing. One possibility is that serine phosphorylation of Nck induces a conformational change in the SH3 domains that increases or stabilizes the binding of Nck to these phosphoproteins. Such a mechanism is suggested by the observation that Pak1 binding to Nck increases on stimulation of the platelet-derived growth factor receptor in Swiss 3T3 cells [14] and activation of the AT " receptor in vascular SMC (this study). Alternatively, the phosphorylation of Nck might enhance the specific activity of a bound protein kinase, resulting in the increased phosphorylation of Nck-associated substrates. Finally, the binding (and possibly the phosphorylation) of Nck might serve to relocalize these putative effector molecules to a different subcellular compartment. For example, it was recently shown that the membrane localization of Pak1, mediated by the Nck SH3 domain, is sufficient to stimulate its kinase activity and activate downstream mitogen-activated protein kinase cascades [38] . Work is in progress to isolate these Nck-binding phosphoproteins and define their biological activity.
We also demonstrate that the γ2 isoform of CKI [39] is constitutively associated with Nck in aortic SMC. CKI is a family of second messenger-independent serine\threonine kinases that are expressed ubiquitously in mammalian cells [40] . These enzymes are found in the cytoplasm, in the nucleus and associated with membranes. CKI-γ2 is the only CKI isoform that contains a proline-rich sequence at its C-terminus [39] , which might be responsible for its association with Nck. Interestingly, we found that treatment of aortic SMC with Ang II significantly increased the CKI enzymic activity associated with Nck. However, additional work will be needed to assess whether this change in activity has some biological significance. The exact roles of CKI-γ isoenzymes and the nature of their physiologically relevant substrates still remain undefined. The association of CKI-γ2 with Nck ( [18] , and this study) suggests that CKI-γ2 might phosphorylate Nck directly. In support of this idea, the primary structure of human Nck [3] contains six CKI consensus phosphoacceptor sites [41] . Alternatively, an attractive possibility is that CKI-γ2 might be involved in the regulation of the AT " receptor. CKI has been reported to phosphorylate the insulin receptor [42] and the tumour necrosis factor receptor [43] on serine residues. Most significantly, a recent study showed that CKI-α phosphorylates the m3 muscarinic receptor in an agonistsensitive manner, suggesting that CKI might provide an alternative route for the regulation of G-protein-coupled receptors [44] . Analysis of the AT " receptor sequence reveals the presence of one consensus motif for CKI phosphorylation at the C-terminal extremity and four additional residues that could serve as consensus phosphorylation sites after prior phosphorylation at position k3. Studies are currently under way to determine the subcellular localization of CKI-γ2 and its ability to phosphorylate Nck and the Ang II AT " receptor subtype.
